Influence of bicarbonate on parathyroid hormone-induced changes in fluid absorption by the proximal tubule  by Dennis, Vincent W.
Kidney International, Vol. JO (1976), p. 373—380
Influence of bicarbonate on parathyroid hormone-induced
changes in fluid absorption by the proximal tubule
VINCENT W. DENNIS
Division of Nephrology, Department of Medicine, Duke University Medical Center, Durham, North Carolina
Influence of bicarbonate on parathyroid hormone-induced changes
in fluid absorption by the proximal tubule. Segments of the proximal
tubule of the rabbit kidney were perfused in vitro in order to
examine the influence of bicarbonate on the reduction in fluid
absorption that occurs following the acute administration of para-
thyroid hormone (PTH). Studies were performed using either nor-
mal ultrafiltrate as perfusion fluid and normal rabbit serum as bath
or low bicarbonate ultrafiltrate as perfusion fluid and low bicarbo-
nate rabbit serum as bath. Low bicarbonate fluids were prepared
by replacement of bicarbonate with chloride. In the presence of
normal concentrations of bicarbonate, the addition of PTH to the
bath (I U/mi) resulted in a decrease in the fluid absorption rate
(J) from 1.13 +0.08 to 0.60 + 0.04 nI/mm min(P <0.001) in 23
convoluted segments and from 0.64 + 0.05 to 0.46 + 0.05
nI/mm . mm (P < 0.01) in ten straight portions. Simultaneous
with the PTH-induced reduction in J, the chloride concentration
in the collected fluid changed from 119.0 + 2.0 to 113.4 I.)
mEq/liter (P <0.01) in the pars convoluta and from 117.7 + 0.6 to
114.0 + 1.9 mEq/liter (P <0.01) in the pars recta. However, there
was no change in the net flux of chloride which averaged 42.58 +
5.00 pEg/mm mm during the control periods. Additional studies
were performed in eight convoluted segments during perfusion on
a randomized basis with low bicarbonate fluids as well as during
perfusion with fluids having normal levels of bicarbonate. As be-
fore, in the presence of normal levels of bicarbonate, PTH reduced
iv from 1.16 0.15 to 0.68 + 0.07 nI/mm mm (P < 0.001) and
the chloride concentration in the collected fluid ([Cl]0) from 118.6
2.9 to 111.6 + 1.3 mEq/hter (P < 0.005). Substitution of low
bicarbonate fluids for normal bicarbonate fluids resulted in a de-
crease in i,, from 1.16 0.15 to 0.74 + 0.10 nI/mm . mm (P <
0.001). In the presence of low bicarbonate fluids, the addition of
PTH resulted in no further decrease in i,, (0.74 + 0.10 vs. 0.72 +
0.10 nI/mm . mm). These data indicate that in the proximal tubule
the PTH-induced reduction in fluid absorption may be mediated
by changes in bicarbonate absorption.
Influence du bicarbonate sur les modifications de Ia reabsorption
de liquide par le tube proximal induites par l'hormone para-
thyroIdienne. Des segments de tube proximal de reins de lapins ont
été perfusés in vitro de façon a étudier I'influence du bicarbonate
sur Ia diminution de Ia reabsorption de liquide qui survient après
I'administration aiguë d'hormone parathyroidienne (PTH). Les cx-
périences ont été réalisées soit avec de i'ultra-filtrat normal comme
perfusat et du serum de lapin normal dans le bain soit avec de
l'ultra-flltrat pauvre en bicarbonate comme perfusat et du serum de
lapin pauvre en bicarbonate dans le bain. Les liquides pauvres en
bicarbonate ont été prepares en remplacant le bicarbonate par du
chlore. En presence de concentrations normales de bicarbonates
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l'addition de PTH au bain (I U/mI) determine une diminution de
iv, le debit de reabsorption, de 1,13 0,08 a 0,60 + 0,04
nI/mm . mm (P < 0,001) dans 23 segments contournés et de 0,64
+ 0,05 a 0,46 + 0,05 nI/mm . mm (P < 0,01) dans 10 segments
droits. En même temps que i, est diminué par Ia PTH, Ia concen-
tration de chlore dans le liquide collecté passe de 119,0 + 2,0 a
113,4 + 1,1 mEq/litre (P < 0,01) dans Ia partie contournée et de
117,7 + 0,6 a 114,0 + 1,9 mEq/litre (P < 0,01) dans Ia partie
droite. II n'y a pas, cependant, de modification du debit net de
chlore qui est en moyenne de 42,58 + 5,00 pEq/mm . mm pendant
les périodes témoins. D'autres experiences ont été réalisées sur huit
segments contournés au cours de Ia perfusion, suivant un ordre au
hasard, de liquides pauvres en bicarbonates ou de concentration
normale en bicarbonate. Comme précédemment, en presence de
concentrations normales de bicarbonate Ia PTH réduit i0 de 1,16 +
0,15 a 0.68 + 0,07 ni/mm . mm (P <0,001) et Ia concentration de
chiore ([Cliv) dans le liquide coliecté de 118,6 2,9 a 111,6 1,3
mEq/litre (P < 0,005). Le remplacement de liquides normaux en
bicarbonate par des liquides pauvres determine une diminution de
i,, de 1,16 + 0,15 a 0,74 + 0,10 nI/mm mm (P < 0,001). En
presence de liquides pauvres en bicarbonate I'addition de PTH ne
determine pas de diminution supplémentaire de i, (0,74 + 0,10
ni/mm . mm contre 0,72 + 0,10). Ces résultats indiquent que dans
le tube proximal Ia diminution du debit de reabsorption de liquide
pourrait avoir les modifications de Ia reabsorption de bicarbonate
comme médiateur.
Inhibition of fluid absorption is one of the most
prominent effects of parathyroid hormone (PTH) on
the proximal convoluted tubule. It has been observed
in the rat [I], the rabbit [2] and the dog [3]. It occurs
after the administration of exogenous bovine PTH [3,
4] as well as after the manipulation of endogenous
hormone [5]. Although previous investigative efforts
have been directed towards establishing the presence
of the phenomenon rather than its mechanism, sev-
eral lines of evidence suggest that bicarbonate may be
involved. First, the acute administration of PTH
causes increased bicarbonate excretion [6, 7]; second,
it is now generally acknowledged [8—11] that at least a
fraction of proximal fluid absorption is mediated via
changes of bicarbonate absorption; and third, inhibi-
tion of fluid absorption following PTH administra-
tion was not observed during microperfusion studies
using bicarbonate-free fluids [12]. In addition, it has
been suggested that under certain conditions PTH
may inhibit renal cortical carbonic anhydrase [13].
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Accordingly, the present studies were designed to
examine the influence of bicarbonate on the reduc-
tion in fluid absorption that occurs in the proximal
tubule following the acute administration of PTH.
Studies were performed during in vitro perfusion of
segments isolated from the rabbit kidney. The results
indicate that in the proximal tubule PTH inhibits
selectively that element of fluid absorption subserved
by bicarbonate but does not affect those processes
associated with net chloride flux. In this regard, the
effects of PTH on fluid absorption resemble carbonic
anhydrase inhibition.
Methods
Isolated segments of the proximal tubule of young
female New Zealand white rabbits were perfused in
vitro according to the method of Burg et al [14] and
as described previously [15]. Segments were dissected
in chilled rabbit serum and identified as proximal
convoluted (PCT) or proximal straight tubules (pars
recta, PR) on the basis of gross morphologic charac-
teristics. No specific effort was made to select either
superficial or juxtamedullary nephrons. Individual
segments were perfused in bathing medium of rabbit
serum maintained at 37°C and exchanged continu-
ously at the rate of 0.2 to 0.4 mI/mm. The pH and
Pco2 of the bath were adjusted by the use of a gas-
mixing flowmeter (Matheson Gas Products, Marrow,
GA) and were measured directly at 37°C using a gas
analyzer (IL 213-03, Instrumentation Lab, Lexing-
ton, MA). The perfusion fluid in all cases was an
isosmolal ultrafiltrate of the same serum used as
bathing medium and was prepared, using an XM-50
membrane (Amicon Corp., Lexington, MA), from
two types of serum: normal rabbit serum (Micro-
biological Associates, Bethesda, MD) or low bi-
carbonate rabbit serum prepared from normal rabbit
serum by a modification of the procedure described
by Cardinal et al [16]. Briefly 400 to 800-ml volumes
of rabbit serum were titrated slowly at 4°C to pH 6.0
and equilibrated over 8 to 16 hr with nitrogen. When
the Pco2 was reduced below the limits of detectability
(<I mm Hg), the pH was usually 7.2 to 7.3 and was
therefore adjusted to 7.40 using 1 N sodium hydrox-
ide. An aliquot of this serum was used to prepare
ultrafiltrate and the remainder was stored at 4°C and
used as bathing medium within 72 hr. As noted
above, during tubule perfusions the pH and Pco2 of
the bath were measured frequently and the final bi-
carbonate concentrations were derived from those
values. Normal bicarbonate perfusion fluid contained
the following (mM): sodium, 141.0 + 0.5; potassium,
4.7 + 0.1; chloride, 105.2 + 0.8; bicarbonate, 24.4 +
0.5; and a total osmolality of 289 I mOsm/kg. Low
bicarbonate perfusate contained sodium, 140.5 0.6;
potassium, 4.7 0.1; chloride, 133.2 + 0.5; bicarbo-
nate, <I; and a total osmolality of 290 I
mOsm/kg. Direct measurements from the bath dur-
ing perfusion with normal bicarbonate fluids in-
cluded pH 7.391 0.010 and Pco2 41.7 1.4 mm
Hg. During low bicarbonate studies, the bath pH
averaged 7.392 + 0.007 and the Pco2 was 2.9 0.1
mm Hg. This represents a slight increase in Pco2
from the time of preparation of low bicarbonate se-
rum and ultrafiltrate to the time of usage and presum-
ably reflects absorption at CO2 by both fluids during
storage.
All perfusion fluids contained 1251-iothalamate as a
marker of fluid absorption. The rate of fluid absorp-
tion was measured using a constant volume pipet of
60 to 110 nI and timed collection periods. Calculation
was according to the following equation [17]:
1/ rrl2s,1f—oil Jo 1— L
where J (nI/mm . mm) is the fluid absorption rate;
V0 (ni/mm) is the collection rate; L (mm) is the
length of tubule perfused; and [1251] and [l2sI]o repre-
sent the concentration of '251-iothalamate in the per-
fusate and collected fluid, respectively.
The chloride concentration in the perfusate and
collected fluid was measured using the method of
Ramsay, Brown and Croghan [18]. Net chloride
fluxes were calculated according to the balance equa-
tion.
Jivet — V[C1],
— V0[C1]0 2Cl L ()
where JIt (pEq/mm.min) is the net flux of chlo-
ride; [Cl]1 and [Cl]0 refer to the chemical concentra-
tions of chloride in the perfusate and collected fluid,
respectively, and V1 and V0 (nI/rn in) are the perfusion
and collection rates, respectively. V1 was calculated as
the product of V0 times [125I]/[1251]j.
Parathyroid hormone was obtained from Calbio-
chem, San Diego, CA, lot number 40095 with a spe-
cific activity of 457 U/mg. It was dissolved in rabbit
serum or in perfusion fluid immediately prior to use.
In addition, highly purified bovine PTH (1248 U/mg,
Wilson Laboratories, North Chicago, IL; three tu-
bules) and synthetic bovine amino-terminal tetratri-
acontapeptide (3850 U/mg; Beckman Bioproducts,
Palo Alto, CA; three tubules) were also used and
were determined to have similar effects. Accordingly,
the data were pooled.
Two types of experiments were performed. The
first type represented the initial experiments designed
(I)
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to observe the effects of PTH on fluid absorption and
on chloride absorption during perfusion with stan-
dard ultrafiltrate as perfusion fluid and rabbit serum
as bath. Normal concentrations of bicarbonate were
present in these fluids. For these experiments there
was a control period during which a minimum of four
measurements of J,,, and of chloride concentration in
the collected fluid were made using separate samples
collected over 30 to 40 mm. These observations were
then followed by the addition of PTH to the bathing
medium or to the perfusion fluid or to both. After at
least 5 mm, three to four additional samples were
collected over approximately 30 mm, following which
control fluids were restored by flushing. After 10 to
15 mm, the control observations were repeated.
The second type of experiment was designed to
examine the influence of bicarbonate on the observa-
tions made in the initial series of experiments. For
each individual tubule, observations similar to those
described above were made in the presence and in the
absence of added PTH during perfusion with fluids
containing normal concentrations of bicarbonate as
well as during perfusion with low bicarbonate fluids
in the perfusate and in the bath. Thus, for an individ-
ual tubule, both the initial perfusate and the initial
bath had normal (or reduced) concentrations of bi-
carbonate. After control measurements of 1,, and of
chloride concentration were made, PTH was added
to the bath and the observations were repeated. Then
the PTH-containing fluids were replaced by flushing
and the control observations were repeated. Next, the
perfusate and the bath were replaced by ultrafiltrate
and by serum containing reduced (or normal) con-
centrations of bicarbonate. After a 20 to 30-mm equi-
libration period, the control measurements of J, and
of chloride concentration were made. Again, PTH
was then added to the bath and the observations were
repeated. Thus, for these tubules there were essen-
tially four observation periods occurring in varied
sequence: a) normal bicarbonate fluids, no added
PTH; b) normal bicarbonate fluids, plus PTH; c) low
bicarbonate fluids, no added PTH; and d) low bi-
carbonate fluids, plus PTH.
At the completion of all studies, ouabain was
added to the bath to a final concentration of l0-5M in
order to eliminate net fluid absorption [16]. Ideally,
under these conditions the ratio of the 1251 concentra-
tion in the collected fluid to that in the perfusion fluid
should be unity representing 100% recovery of the
water marker in an unchanged volume of fluid. In
practice, studies were rejected if the mean of two
determinations was less than 0.980 or greater than
1.030 [15].
Data from a single tubule consisted of the mean
values for the control and the experimental periods.
Data from each group of tubules subjected to the
same experimental manipulation are expressed as the
mean the SEM for the number of tubules in that
group. Statistics were performed using Student's
test comparing mean paired differences to zero for
tubules in which a similar number of both control
and experimental observations were made.
Results
Effect of PTH on fluid absorption. These studies
were performed during perfusion with isosmolal ul-
trafiltrate of the same normal rabbit serum used as
the bathing medium. When PTH was added to the
bath to a final concentration of 1 U/mI, there was a
rapid and reversible decrease in J from 1.13 0.08
to 0.60 + 0.04 nI/mm mm (P < 0.001) in 23 con-
voluted segments and from 0.64 0.05 to 0.46 0,05
ni/mm mm (P < 0.01) in ten straight tubules. The
results were similar using the same concentration of
either highly purified bovine PTH (Wilson) or syn-
thetic 1-34 polypeptide (Beckman). The dose-re-
sponse curve of a single convoluted tubule is depicted
in Fig. 1. In addition, regardless of the type of PTH
o o.oooi 0.001 0.01 0.1 1.0
Parathyroid hormone in bath
U/mi
2.00
E
S
>
-,
1.50
1.00
0.50
10
Fig. 1. Relationship bet ween fluid absorption rate and concentration
of PTH (Calbiochem; 457 U/mg) in the bath. The study was per-
formed in a single convoluted segment with each point representing
the mean SEM of three observations. The highest concentration
was examined first.
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sorption could have occurred as a result of the meas-
urable changes in fluid absorption and intraluminal
chloride concentration. This notwithstanding, it is
still clear that the major factor contributing to the
PTH-induced reduction in intraluminal chloride con-
centration is the change in volume absorption rather
than any major changes in chloride transport.
Influence of bicarbonate on P TN-induced changes in
fluid absorption. The PTH-induced inhibition of fluid
absorption, occurring as it did without any change in
net chloride flux, represents presumptive evidence
that bicarbonate transport was affected. This possi-
bility was examined further in studies comparing the
effects of PTH on individual convoluted segments in
the presence of normal ultrafiltrate and rabbit serum
in the perfusate and bath as well as in the presence of
low bicarbonate ultrafiltrate and low bicarbonate se-
rum. These data are summarized in Table 1.
To be noted first is the observation that reductions
of bicarbonate concentration in the perfusate and
bath had a distinct effect on fluid absorption meas-
ured during control conditions in the absence of
added PTH. Although the order of change from high
to low bicarbonate concentrations was randomized,
the fluid absorption rate in the presence of 25 mrvi
bicarbonate was 1.16 0.15 nI/mm . mm and de-
creased to 0.74 0.10 nI/mm . mm (P < 0.005) in
the presence of low bicarbonate fluids at the same
bath pH. This phenomenon of enhanced fluid ab-
sorption in the presence of bicarbonate has been ob-
served previously in the rat [10—12] although its pres-
ence in rabbit tubules perfused in vitro has been
questioned [161.
The addition of PTH to the bathing medium re-
sulted in decreased fluid absorption only when nor-
mal levels of bicarbonate were present. Furthermore,
in the presence of both bicarbonate and PTH, the
mean value of J was 0.68 0.07 nl/mm mm which
is not significantly different from the value of 0.74
0.10 nI/mm . mm observed in the absence of both
bicarbonate and PTH. Thus, with regard to J.,,, the
addition of PTH was functionally equivalent to re-
ducing the bicarbonate concentrations in the ambient
fluids. Moreover, in the absence of bicarbonate, the
addition of PTH to the bath resulted in no further
decrease in fluid absorption. Thus, bicarbonate is a
ioo necessary co-factor in the inhibition of fluid absorp-
tion by PTH.
Relationship of bicarbonate to changes in in-
traluminal chloride concentration. Preferential absorp-
tion of bicarbonate over chloride is the most common
and most direct explanation for the increase in in-
traluminal chloride concentration associated with
isotonic fluid absorption by the proximal tubule [19,
used, there was no effect on J,,, when PTH was added
to the perfusate only.
Effect of PTH on net chloride fluxes. Simultaneous
with the PTH-induced reduction of J..,, PTH also
decreased the chloride concentration in the collected
fluid from 119 2.0 to 113.4 1.1 mEq/Iiter (P <
0.01) in the convoluted tubules and from 117.7 0.6
to 114.0 1.9 mEq/liter (P < 0.01) in the straight
segments. For these results, the mean lengths were
1.31 0.08 and 1.71 0.13 mm for the convoluted
and straight portions, respectively, and the perfusion
rates averaged 13.93 + 0.36 and 12.08 0.92 nI/mm.
These decreases in chloride concentration in the
collected fluid occurred without measurable changes
in calculated net chloride fluxes. The individual chlo-
ride fluxes are depicted in Fig. 2 along with the line of
regression. During the control periods, aver-
aged 42.58 5.00 pEq/mm . mm and was 41.3
4.54 after the addition of PTH. Thus, the decrease in
intraluminal chloride concentration that occurred in
response to PTH may be attributed primarily to the
decreased removal of volume from the lumen rather
than to any major increase in chloride efflux. How-
ever, it should be emphasized at this point that Jt
as estimated by equation 2 involves propagation of
error attendant upon the combination of two inde-
pendent measurements, [125I] and [Cl]0, each of
which was variance. As such, is a less precise
measurement than either J, or [Cl]0 alone and slight
but physiologically significant changes in chloride ab-
100 -
y = 0.7x + 12.9
N = 16
r=0.73 S
P = <0.001
E
950
0 50
Net
,J CI
pEq/mm mm
Control
Fig. 2. Relationship between net chloride absorption rates measured
in the presence of PTH, / U/mt in the bath, and the paired value
measured under control conditions in the absence of added PTJ-1.
Each point representsthe mean values from a single convoluted
tubule.
.
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Table 1. Effect of bicarbonate concentration on the response to PTHa
Normal bicarbonate in bath and pe
PTH in bath
rfusaie
p
Low bicarbonate in bath and perfu
PTH
sate
0 lU/mi o lU/mi P
iv, ni/mm mm 1.16 0.15 0.68 0.07 <0.001 0.74 0.10 0.72 0.10 NS
[Cl]0, rnEq/Iiter 118.6 + 2.9 111.6 1.3 <0.005 139.4 + 1.7 138.3 + 1.5 <0.01
IClJ,mEq/liier 10.3 2.7 3.1 0.9 <0.005 6.8 1.3 5.8 + 1.1 <0.01
Jcit,pEq/mm mm 44,42 + 8.96 42.96 + 9.64 NS 40.34 + 10.31 42.34 + 8.45 NS
V1,nl/min 14.96 1.01 15.07 1.08 NS 13.48 + 1.20 13.28 + 1.20 NS
pH bath
Pco2 bath, mm Jig
7.391 0.010
41.7 + 1.4
7.392 0.007
2.9
Studies were performed on eight convoluted tubules. Normal bicarbonate and low bicarbonate refer to the bicarbonate concentrations in
both the ultrafiltrate used as perfusion fluid and the rabbit serum used as bath. [Cl10 refers to the chloride concentration in the collected
fluid and z[Cl] refers to the increase in chloride concentration between the perfusate and the collected fluid. V1 is the perfusion rate.
P refers to the probabilities as estimated by mean paired differences related to zero. NS indicates P > 0.05.
20]. In its most restricted sense, this explanation
would predict that no change in intraluminal chloride
concentration would occur if bicarbonate were not
present to be absorbed. Accordingly, it is appropriate
to note that in the present studies the removal of
bicarbonate reduced [Cl], the increase in chloride
concentration from perfusate to collected fluid, from
10.3 2.7 to 6.8 1.3 mEq/liter (P < 0.05). Per-
fusion rates averaged 14.96 1.01 ni/mm in the
presence of bicarbonate and 13.48 1.20 nl/min
during the low bicarbonate studies. The limits of
detectable change and the basic error in these meas-
urements can be estimated from the data observed
under similar conditions in these same tubules in the
presence of ouabain 105M wherein z[C1] averaged
—0.40 0.52 mEq/liter, a value not statistically dif-
ferent from zero. Thus, in the presence of low bi-
carbonate fluids, the z[Cl] value of 6.8 1.3
mEq/liter is clearly greater than zero and indicates
persistent although lesser increases in intraluminal
chloride concentration. That this increase cannot be
attributed on a molar basis to the preferential absorp-
tion of ambient bicarbonate is affirmed by the direct
measurement of bath pH and Pco2 intermittently
during each experiment. These values averaged 7.392
+ 0.007 and 2.9 0.1 mm Hg, respectively, during
perfusion with low bicarbonate fluids. The bicarbo-
nate concentration calculated from these values was
only 1.7 0.1 mM and since the ultrafiltrate used as
perfusion fluid was made directly from this same
serum, this level of bicarbonate cannot account di-
rectly for the 6.8 mEq/liter increase in chloride.
Consequently, these data indicate that under cer-
tain circumstances, factors other than bicarbonate
absorption may contribute in this system to the in-
crease in intraluminal chloride concentration. Pre-
sumably these factors include unmeasured, non-
bicarbonate anions which may either substitute in
part for bicarbonate or may contribute on their own
to the increase in intraluminal chloride.
Regardless of whatever other processes are in-
volved in increasing the intraluminal chloride con-
centration, PTH appears to affect predominantly the
bicarbonate-related component (Table 1). In the
presence of normal concentrations of bicarbonate in
the perfusate and in the bath, PTH decreased [Cl]
from 10.3 + 2.7 to 3.1 0.9 mEq/liter with a mean
paired difference of 7.4 1.9 mEq/liter (P < 0.00 1)
whereas in the presence of low bicarbonate fluids
PTH decreased [Cl] from 6.8 + 1.3 to 5.8 1.1
mEq/liter with a mean paired difference of 1.1 0.2
mEq/liter (P <0.01). This latter slight but significant
reduction in chloride concentration presumably re-
flects the effect of PTH on the remaining low levels of
bicarbonate absorption although other possibilities
cannot be excluded.
Comparison of acetazolamide to PTH. Although
the mechanism of bicarbonate absorption is still not
established, carbonic anhydrase is clearly involved
[21, 22]. In addition, although others have not observed
this [23, 24], Beck et al [131 have reported that PTH
inhibits renal carbonic anhydrase. Since the present
data indicate that PTH affects bicarbonate transport,
it seemed appropriate to compare these results with
those obtained in the presence of carbonic anhydrase
inhibition by acetazolamide. Accordingly, paired ob-
servations were made in individual convoluted tu-
bules exposed in random sequence to acetazolamide,
2.2 mrvi in the bath, and to PTH, 1 U/mI in the bath.
Normal concentrations of bicarbonate were present
in the perfusion fluid and the bath. The data are
summarized in Table 2 and indicate that under these
conditions the effects of acetazolamide on Jv and on
intraluminal chloride concentration are not statis-
tically different from those obtained in the presence
of PTH. These data are interpreted as providing addi-
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Bath
RS RS + PTH, 1 U/mI RS + acetazolamide, 2.2 mt P
J,nl/mrn mm
[ClJ0, mEq/Iiter
[CIl, mEq/Iiter
JciN,pEq/mm . mm
0.44 0.05
113.1 + 0.6
0.90 + 0.54
32.45 7.40
0.49 + 0.05
114.0 0.7
1.60 + 0.80
30.40 4.45
NS
NS
NS
NS
1.09 0.10
119.7 +0.6
7.8 +0.2
37.82 + 3.78
° Studies were performed in four convoluted tubules perfused with normal ultrafiltrate and bathed in rabbit serum (RS). PTH and
acetazolamide were added to the bath to the final concentration indicated. The order of adding PTH or acetazolamide was alternated and
a second control period was interposed between each agent. P refers to paired t analysis comparing data from the PTH periods to those
obtained in the presence of acetazolamide. NS indicates P > 0.05.
tional indirect evidence that PTH decreases fluid ab-
sorption by inhibiting bicarbonate transport but they
clearly do not of themselves indicate that the mecha-
nism is inhibition of carbonic anhydrase activity.
Moreover, of additional note in these studies is the
observation that both PTH and acetazolamide re-
duced [Cl] to minimal levels. In the presence of
added PTH, the mean paired difference between the
chloride concentration in the perfusion fluid and that
in the collected fluid was 0.90 0.54 mEq/liter and
was 1.60 + 0.80 mEq/liter in the presence of aceta-
zolamide, In this regard, therefore, adding either
PTH or acetazolamide to the bath in the presence of
bicarbonate differs substantially from reducing the
bicarbonate concentration in the ambient fluids, for
in the latter situation significant increases in in-
traluminal chloride concentration still occurred, al-
though to a lesser extent than in the presence of
normal bicarbonate concentrations.
Discussion
These data confirm the now frequent observation
that PTH decreases fluid absorption by the proximal
tubule and they extend these observations by in-
dicating that this response may be mediated through
changes in bicarbonate transport. Moreover, the data
also provide direct evidence that bicarbonate en-
hances fluid absorption in the isolated proximal tu-
bule and that factors in addition to the preferential
absorption of bicarbonate contribute to the increase
in intraluminal chloride concentration that occurs
during isotonic fluid absorption.
Inhibition of fluid absorption has been a consistent
observation in micropuncture studies of the effects of
P11-I on the proximal tubule of the dog [3—5, 25] and
the rat [I]. A notable exception to this consistency is
the in vivo microperfusion study of Bank, Aynedjian
and Weinstein [12] wherein no change in fluid ab-
sorption occurred in response to PTH when the prox-
imal tubule was perfused with fluid containing only
sodium, chloride and phosphate. However, in this
same study, PTH did affect fluid absorption when
glucose and bicarbonate were added to the perfusate.
These data suggested the possibility that PTH af-
fected some component of fluid absorption other
than active sodium transport.
The present studies provide direct evidence that the
particular component of fluid absorption affected by
PTI-I is that fraction related to bicarbonate transport.
Since the observations of Ulirich, Radtke and Rum-
rich [8], Maude [9] and Green and Giebisch [101, it is
now generally acknowledged that bicarbonate has a
prominent role in fluid absorption by the proximal
tubule. An understanding of this role is central to an
understanding of the available mechanisms whereby
PTH may affect fluid absorption. Current evidence
indicates that in the proximal tubule, intraluminal
bicarbonate is absorbed by nonelectrogenic [11]
processes related at least in part [26—28] to hydrogen
ion secretion, Since the reflection coefficient for bi-
carbonate is high [29], this absorption of bicarbonate
generates an effective osmotic pressure resulting in
net efflux of water and certain luminal solutes de-
pending on their concentration and reflection co-
efficients (solvent drag). Additionally, in the early
portion of the proximal tubule, the absorption of
bicarbonate along with glucose and amino acids is
associated with an increase in intraluminal chloride
concentration, thereby establishing a transtubular
chloride gradient. This gradient provides an addi-
tional driving force for fluid absorption [30] and also
converts the transepithelial electrical potential differ-
ence from a lumen-negative value related to glucose-
stimulated sodium transport to a lumen-positive
chloride diffusion potential [Il, 31].
Conversely, the inhibition of bicarbonate absorp-
tion would thus be expected to decrease fluid absorp-
tion, decrease intraluminal chloride concentration
and decrease the tendency towards positive in-
traluminal potentials [31]. The present studies dem-
onstrate that PTH decreases fluid absorption and
decreases intraluminal chloride concentrations.
These effects of PTH did not occur when bicarbonate
concentrations in the ambient fluids were reduced to
Table 2. Comparison of the effects of acetazolamide to the effects of PTH in the presence of normal bicarbonate concentrations in bath
and perfusate°
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approximately 1 mri and thus PTH-induced reduc-
tions in fluid absorption appear to be dependent in
some manner on the availability of bicarbonate. Ad-
ditionally, there was a striking concordance between
the effects of PTH and the effects of acetazolamide on
iv and on intraluminal chloride concentration. It is
reasonable to conclude, therefore, that in the isolated
proximal tubule the effects of PTH on fluid absorp-
tion are mediated through changes in bicarbonate
absorption.
The mechanism whereby PTH affects bicarbonate
handling in the proximal tubule is not clear. How-
ever, a large body of circumstantial evidence has
developed relating the renal effects of PTH to inhibi-
tion of carbonic anhydrase activity. In this regard,
Maren [26] estimates that under normal circum-
stances carbonic anhydrase activity accounts for ap-
proximately 25% of the total bicarbonate reabsorp-
tion by the mammalian kidney although under
certain other conditions, such as metabolic acidosis
or alkalosis, this proportion may become consid-
erably less. Additionally, Ullrich [28] and Ullrich,
Rumrich and Baumann [32] have demonstrated that
a similar shift of acidification processes to a mode less
dependent on carbonic anhydrase also occurs when
bicarbonate is replaced by other selected buffers.
Considering these observations, it is reasonable to
expect that if inhibition of carbonic anhydrase is
involved, certain renal effects of PTH may be affected
by the existing metabolic state or by the prevailing
proximal tubular buffer. Accordingly, Heilman, Au
and Bartter [7] observed that ammonium chloride-
induced metabolic acidosis prevented the PTH-in-
duced alkalinization of urine in dogs, and Beck, Kim
and Kim [33] noted in rats that a similar acidosis
decreased the phosphaturic response to PTH. In mi-
cropuncture studies of the proximal tubule of the rat,
Ullrich et al [28, 32] were unable to demonstrate any
effect of PTH on the transport of glycodiazine, one of
a series of organic buffers each of which is able to
substitute for bicarbonate in supporting fluid absorp-
tion but whose absorption from the lumen is affected
only partially by inhibition of carbonic anhydrase.
Since PTH did not affect the transport of this non-
bicarbonate buffer, these authors suggested that the
inhibition of renal acidification by PTH may be lim-
ited to carbonic anhydrase-dependent processes. Fur-
thermore, Rodriquez et al [34] have presented data
suggesting that stimulation of renal cortical adenylate
cyclase activity may be included among these car-
bonic anhydrase-dependent processes. Collectively,
these observations suggest that carbonic anhydrase
activity may have a prominent role in the range of
renal responses to PTH and further attention to this
possibility seems to be indicated. In this regard, how-
ever, the results of direct studies of the effect of PTH
on renal cortical carbonic anhydrase activity are still
unclear since inhibition has been reported by some
[13] and denied by others [24].
It should be emphasized that the present studies do
not provide any indication as to the mechanism
whereby PTH may affect bicarbonate absorption.
Specifically, the data comparing PTH and acetazola-
mide should not be regarded as indicating that inhibi-
tion of carbonic anhydrase is necessarily involved
since it is conceivable that each agent may have gen-
erated similar effects through different pathways.
Moreover, the effects of acetazolamide on transport
phenomena may not be limited to inhibition of car-
bonic anhydrase activity alone [35—37].
In the absence of any direct information on the
specific mechanisms involved, therefore, we conclude
only that PTH inhibits fluid absorption in the iso-
lated proximal tubule by affecting bicarbonate trans-
port in a manner still undefined. Combining the pres-
ent data with the previous observations of Ullrich et
al [28, 32] and Bank et al [12], it appears that the total
information presently available is compatible with
the possibility that in the proximal convoluted tubule
the effects of PTH on fluid absorption, and conceiv-
ably other absorptive processes, may be mediated by
the inhibition of bicarbonate absorption and by the
consequences that this inhibition might have on a
variety of forces affecting proximal tubular function.
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